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be granted to us, and the method by which 

SriL?* PT^^ «» ^ particularly d£ 
senbed in and by the followinVstaternent:— 
ifcis invention relates to solid state switch- 
tng arrangernents including at least 

ing^delicer 1 ^ *** ^"^^ switch 

stat^Sl?- t0 pffesenl Mention a solid 
l££ J^"* arrangement consisting of at 
least two junctionless non-rectifying semi: 
conductor switching devices is plrovfdedin 
eIe ?^ <* ^ device are 
separated by a smgle element of material hav- 

iSI ™^ Crysta,,I ? e anrcture and providing 
the switcbjng ponions of all the devices g 
Such switching devices are symmetrical and 

WnS<T' ltChed a high-resistance to a 
low-resistance condition by the application in 
enher sense of an applied voltage or electric 
^ at <w above a threshold value Certain 
types of these devices return to the iS 
resistance condition when the curren^S 
l?™?> ^ others have the^ertyX 

2S m f,. a * ba <*> even though Se 

, ^Tu S to zero or even reversed 

™tcl th ^. apP * ication of a current or ^nt 
ShS S^L!- «««P«<Hng threshold^Sue 
Smo= the device is symmeirical, the switching 

san^Tor rh^f 11 ^ ^ * « th er in thf 
same or the opposite sense to that of the 
initial voltage pulse. 

w Y n !i!?L the m0TO aystaJKne layers of the 
well known types of multi-layer diodes, a 
polycrystalhne switching device has the 

s^tcT^hlt J 1 » the haS wh2c 

switch that switches from the hieh- 

^"^stance condition and 
back agatn, but only a path arising afresh on 
each angle swnch-on function. This 
gets broader on an increasing strength of 
[Price 4s. 6d.-\ 



outside this current path therefore renS 
highly resistive and serves as an insuktinc 
res^ance for the neighbouring switching de! 

™S*™-n Uy Jt is "^Possible to say where the 
path will go in each single case. It is known 
however, that the path will be the shomst^ 

resLw ***** the ^ tWO Erodes of\he 
respective devices. Consequently it wiU 
generally paly be necessary* to arrange X 
t^T 1 * 3 ln ™ ch a ^ that the curren? path, 

eTect^ y rf ^ CXpCCte ? S "** betweenmo 
™?k ^ L*** n °t eoincide with the current 
t^odes eXpeCtCd two other elec- 

mi VnT r L a ^' however » exceptions where it 
maght be advantageous to have two neigh- 
5 pairs of electrodes spaced from Se 
another by a distance comparable to the 
separation of two electrodes^ of the same 
pair, buch an arrangement is to be preferred 

reS«^ n - a f hb0Uring Etching devices are 
required to influence one another 

«JvT ber ' accordi °g to the invention the 
switching arrangement comprises a layer of 
polycrystalhne structure on a support** ele- 
ment and is covered on both sides by elec- 
trodes, at least two electrodes on the same side 
being spaced from one another. In this case 
tite supporting element may be electrically 
conducting and serve as a joint electrode 
for aJl the switching devices included 
arrangement. Such a device is, for instance 
very easily produced by vaporising t h e Wr 
of solid state switch material and the elec- 
trodes on to the supporting element. Flame 
spraying, electrolytic separation and ihe 
cathodic evaporation can in this connection 

J*S?SL" ^ °' ^ 
In another embodiment of the invention 
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the electrodes are of strip-like form and placed 
on each side of the switching arrangement 
in parallel groups, those on one side of the 
arrangement lying at right angles to those on 

5 the other side. Thus a grating of switching 
devices is formed in which each, single device 
may be defined as a combination of a strip 
electrode «fromi one side of the grating and 
another strip electrode from the other side 

10 of the grating. Such an arrangement is very 
suitable for electrical switch connections of 
a store. 

According to another method of forming 
the solid state switching arrangement of the 
15 invention, the layer of polycrystalline struc- 
ture is obtained by solidification of a molten 
alloy, the electrodes being kept in contact 
with the molten alloy. 

Of particular interest in this connection 
20 is the use of switching devices which consist 
predominantly of tellurium- with the addition 
of elements from Groups IV and V of the 
Periodic Table. These are for instance poly- 
crystalline, absolutely symmetrical solid state 
25 switches, which can carry high loads and are 
very easily manufactured. An example is a 
switching device produced from 67.5% tel- 
lurium, 25% arsenic, and 7.5% germanium. 
This can be produced by vaporisation on to a 
30 metal plate, by sintering, by allowing a molten 
alloy to solidify, or by similar treatments. 

Switching devices of this composition switch 
to the low-resistance condition when a con- 
trol voltage of sufficient strength is applied, 
35 and switch back to the high-resistance con- 
dition when the current returns substantially 
to zero. There are, however, switching de- 
vices of a similar nature which do not return 
to the high-resistance condition when the cur- 
40 rent returns to zero, but remain in the low- 
resistance condition until the application of a 
current or current pulse above a threshold 
value. The current or current pulse may be in 
the same or in the opposite sense to that of 
45 the original voltage pulse. Such memory ele- 
ments may, for instance, consist predomi- 
nantly of teUurium and one element from 
Group IV of Hie Periodic Table. An example 
of such, would be a mixture of 90% tellurium 
50 and 10% germanium). 

Various embodiments of the invention will 
now be described more fully, by way of 
example, with reference to the accompanying 
drawings in which : — 
55 Fig. i shows a first embodiment of the in- 
vention with three switching devices and four 
electrodes, 

Fig. 2 shows a second embodiment of the 
invention with three electrodes, 
60 Fig. 3 shows a third embodiment of the 
invention with two solid state switches and 
four dectrodes, 

Fig. 4 shows a cross-sectional cut through 
grating of a switching arrangement, and 
•5 Fig. 5 shows a drawing of fig. 4 after re- 



moval of the insulating protective cover. 

In fig. 1 a metal plate 1 is provided with a 
layer 2 of polycrystalline material which pro- 
vides the switching portions or three junc- 
tionless non-rectifying semi-conductor switch- 70 
ing devices. On tie layer three electrodes 3, 
4 and 5 are placed. On the application of 
voltage which exceeds the threshold value be- 
tween the plate 1 and one of the electrodes 3 
to 5, the current path can in each case only 75 
arise in the areas 6, 7 and 8, i.e. under the 
electrodes 3 to 5. The rest of the layer 2 
remains high-ohmic. One may therefore 
imagine two dividing lines 9 and 10 drawn 
whereby the layer 2 is divided into the three 80 
switching devices 11, 12 and 13, each 
separated from one another. 

In fig. 2 a conducting plate 14 is likewise 
provided with a layer 15 of a polycrystalline 
solid state switch material. Over this an 85 
electrode layer 16 is spread which is divided 
by the dividing line 17 into two electrode 
parts 16a and 16b. If a voltage is applied to 
the electrodes 14 and 16<a; then a current path 
will arise in or near the area 18, probably 90 
on account of either a field strength con- 
centration on the right edge of the electrode 
layer 16a or the disturbance of uniformity of 
the layer 15 as the dividing line 17 was 
scratched into it. As the distance between the 95 
two electrode parts 16a and 166 is shorter 
than that between the electrode 16b and the 
plate 14, the distance between the electrode 
part 16& and the conducting current path 18 
is also shorter than that between the elec- 100 
trodes 166 and 14. Thus a voltage may be 
applied to the electrodes 16b and 14 which 
lies below the threshold value of the layer 
but is strong enough to cause a switch-func- 
tion in the area of the layer which has been 105 
reduced by the current path 18. Thus, by 
applying a control voltage of the threshold 
value between the electrodes 16a and 14, a 
main circuit may be connected to the elec- 
trodes 16b and 14 even though it is operating 110 
at a voltage below the threshold value. 

In fig. 2 the solid state polycrystalline layer 
15 and the electrode layer 16 are vaporised 
on to the device. The layers may be very thin 
and of the order of microns. 115 

Fig. 3 shows a switch arrangement 19 of 
solid state polycrystalline material which is 
produced by a solidification of a molten alloy. 
In the molten alloy four electrodes 20, 21, 22 
and 23 are hung, which are fastened integrally 120 
with the switch on the solidification of the 
alloy. Assuming that the electrodes 20 and 

21 belong to one system and the electrodes 

22 and 23 to another, a conducting path can 
only arise in the areas 24 and 25, so that 125 
in spite of the uniform construction the two 
solid state switches are well separated from one 
another. 

In the embodiment of the invention shown 
in fig. 4 an insulator 26 is provided with re- 130 
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cesses for the electrode bands 27. Over this 
is spread a layer 28 of solid state polycrystal- 
line material, over which several parallel con- 
ductors 29 are placed in an insulating cover 
30. The group of conductors 27 lies verti- 
cally under the group of conductors 29. 
Supposing a voltage lying above the threshold 
value of the layer 28 is applied to the two 
conductors marked with two arrows in fig. 5, 
then there will be an area 31 between the two 
electodes where a conducting current path 
may arise. The areas 31 are separated from 
each other by material which remains per- 
manently in a high-resistance condition. 

WHAT WE CLAIM IS:— 

1. A solid state switching arrangement con- 
sisting of at least two junctionless non-rectify- 
ing semi-conductor switching devices, in which 
the electrodes of each device are separated 
by a single element of material having a poly- 
crystalline structure and providing the switch- 
ing portions of all the devices. 

2. An arrangement according to claim 1, 
which comprises a layer of polycrystalline 
structure on a supporting element^ and is 
covered on both sides by electrodes, at least 
two electrodes on the same side being spaced 
from one another. 

3. An arrangement according to claim 2, in 
which the supporting element is electrically 
conducting and serves as a joint electrode for 
all the switching devices included in the 
arrangement. 

4. An arrangement according to claim 1 or 
2, in which the electrodes are of strip-like 
form and placed on each side thereof in 
parallel groups, those on one side of the 
arrangement lying at right angles to those 
on the other side of the arrangement. 



5. An arrangement according to any one 
of the claims 1 to 4, in which the spacing 
between two neighbouring electrodes corres- 
ponds to the distance between their respective 
pairs on the other side of the arrangement. 

6. A method of forming the arrangement 
according to any one of the claims 1 to 5, 
including the step of forming both the layer 
of polycrystalline structure and the electrodes 
by vapour deposition. 

7. A method of forming the arrangement 
according to claim 1, in which the layer of 
polycrystalline structure is obtained by solidi- 
fication of a molten alloy, the electrodes being 
kept in contact with the molten alloy. 

8- A method according to either of claims 
6 or 7, in which the element of polycrystalline 
structure predominantly consists of teUuriumi 
with the addition of elements from Group 
IV and V of the Periodic Table. 

9. A method according to either of claims 
6 or 7, in which the element of polycrystalline 
structure predominantly consists of tellurium 
and an element from* Group IV of the Periodic 
Table. 

10. A solid state switching arrangement 
substantially as herein described with' reference 
to the accompanying drawings. 

11. A .method of forming a solid state 
switching arrangement substantially as herein 
described with reference to the accompany- 
ing drawings. 



ABEL & IMRAY, 
Chartered Patent Agents, 
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Quality Court, 
Chancery Lane, 
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